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When asked to look through a tube, younger children place it at the bridge of the nose, and not over 
one eye: the Cyclops effect. This is a natural response to a median plane egocenter. With maturity, 
the Cyclops effect disappears as we learn to overcome the consequences of  an egocenter between the 
two eyes, and instead, to use the "preferred" eye. We videotaped adults (n = 14) and children with 
normal vision (n = 30), children with comitant strabismus (n = 14), and adults and children (n = 14) 
with one eye enucleated as they attempted to look through a plastic tube. Immediately in front of the 
face was a liquid crystal window that could be either transparent or opaque. As the tube was raised, 
the window was made opaque---blocking sight of the target, their hands, and the tube. Most 
binocular observers placed the tube approximately at the bridge of the nose. This was significantly 
different from the response of the enucleated observers who put the tube 75 % of the way to the 
remaining eye (P = 0.0001). All observers align, on average, with the measured location of their 
egocenter when asked to perform a monocular task without visual cues. Deprived of visual 
feedback, binocular observers show the Cyclops effect, regardless of age. © 1998 Elsevier Science 
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INTRODUCTION 
Younger children automatically place a tube at the bridge 
of the nose when asked to look through the tube at targets: 
the Cyclops effect (Barbeito, 1983; Church, 1970). That 
is, when children (1.8-5.0 years of age) with normal 
binocular vision, comitant strabismus, or one eye 
enucleated (Dengis, Steinbach, Goltz, & Stager, 1993a) 
try to look through the tube, all the younger children 
place it midway between the two eyes. The Cyclops effect 
is a natural response to a median plane egocenter. 
This is consistent with Hering's hypothesis that the 
visual direction of objects is determined with respect o 
an egocenter located approximately atthe midline of the 
head (Hering, 1879/1942; Ono, 1979, 1991). His 
hypothesis was proved true in observers with normal 
binocular vision or strabismus, under both binocular and 
monocular viewing conditions (Dengis, Steinbach, Ono, 
Kraft, et al., 1993b; Ono & Weber, 1981). Presumably, 
since most people "see" as though from a median plane 
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egocenter, younger children try to "see" with it as well 
(Ono & Barbeito, 1982; Dengis et al., 1993a). 
That children show the Cyclops effect is not surprising 
because the egocenter provides a unified sense of visual 
direction. This is necessary because the two eyes are 
positioned differentially in the head, and thus, an 
egocenter between the eyes serves to reconcile the 
impressions derived from the different vantage points 
(Howard, 1982). This reconciliation is achieved when 
local sign (retinal) and eye position (extra-retinal) 
information from both eyes is integrated, and then 
projected to the egocenter. Consequently, children have 
to learn to use just one eye for tasks that force monocular 
viewing (e.g., looking though a kaleidoscope) (Dengis, 
Steinbach, Ono, Gunther, et al., 1996; Miles, 1930). 
Is this learning one reason why the phenomenon is not 
observed in adults? There is, however, some evidence 
that suggests adults may show the Cyclops effect. For 
example, binocular adults were asked to perform a 
monocular task that was designed in such a way to make 
monocular viewing impossible (Barbeito, 1979, Barbeito, 
1981). Their task was to position the hole in a card as 
though they were looking through it at target stimuli, but 
they could not see through the hole because it was 
covered with an opaque material. Some of the observers, 
nevertheless, aligned the target stimuli and the covered 
hole with the median plane egocenter: the Cyclops effect. 
In sum, binocular people locate objects with respect to 
a center located approximately atthe bridge of the nose, 
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regardless of whether the viewing is binocular or 
monocular. We suggest, hen that the adults who aligned 
with the egocenter (Barbeito, 1979, 1981) did so because 
they were unable to see the target hrough the hole, and 
thus, reverted to aligning with the egocenter. Although Age 
sight of the target was occluded in Barbeito's method, Observer (years) 
1 7.8 there were a number of other visual cues still available, 2 8.3 
such that most observers tried to align toward one eye. 3 9.0 
For example, they could place the covered hole or the 4 11.6 
middle of the card's top edge toward one eye. In addition, 5 6.5 
they also had visual information about hand position. 6 7.1 
Thus, in sighting through a tube task, we predict hat by 7 6.9 
8 10.5 
removing all visual cues, and removing the tactile cue of 9 6.5 
the tube touching the face, the Cyclops effect will 10 8.2 
predominate in binocular adults. We tested observers 11 4.8 
with normal binocular vision, comitant strabismus, or one 12 12.4 
eye enucleated, and of varying ages. 13 8.9 
14 5.1 
TABLE 1. The ages of the patients with strabismus, hown with their 
type and amount of deviation, previous urgery history, and degree of 
stereopsis (as determined bythe Titmus test). The patients' deviations 
were either esotropias (ET) or exotropias (XT) 
Type and amount Previous Stereopsis 
of strabismus surgery (sec/arc) 
20 RET no 0 (-fly) 
15 RXT no 100 
40 RE(T) no 0 
10 RET 3 0 
RE(T) no 0 
40 RET no 0 
10 RET 1 0 
35 RET no 0 
18 LXT no 100 
19 RXT no 400 
LET no 0 
25 RXT 1 3000 
2 LXT (micro) 2 100 
18 X(T) no 200 
MATERIALS AND METHODS 
Observers 
Four groups of observers were tested at the Hospital for 
Sick Children in Toronto, Canada. First, the 30 children 
(M = 9.2 years of age, SD = 3.3) with normal binocular 
vision were siblings of patients or patients themselves 
being treated for non-visual conditions (e.g., tonsillec- 
tomies). Second, the 14 adults (M = 31.1 years of age, 
SD = 10.0) with normal binocular vision were parents of 
patients or hospital staff. Third, the 14 children (M = 8.1 
years of age, SD=2.2)  with comitant horizontal 
strabismus were either esotropes or exotropes, none with 
nystagmus (see Table 1). Fourth, the 14 people 
(M= 15.6, SD= 11.2) with only one eye had been 
monocularly enucleated in childhood due to retinoblas- 
toma (see Table 2). The degree of stereopsis n those with 
two eyes was determined by the Titmus test. (The age of 
the observers was determined by the previous tudies on 
egocenter location in children and adults. For example, 
egocenter location was measured in strabismic hildren, 
but in the enucleates, both children and adults were 
tested. Hence, we matched the age groups of the previous 
studies.) The tenets of the Declaration of Helsinki were 
followed, the research protocol was vetted by The 
Hospital for Sick Children human observers review 
committee, written informed consent was obtained, 
information sheets were provided, a parent was present 
when the children were tested, and either small toys or 
movie passes were given to the observers for participat- 
ing. 
Tasks and procedures 
The observer sat on a chair that could be raised or 
lowered to the desired height, such that the chin was 
placed comfortably in a chin rest attached on a table. This 
positioned the observer behind a window (15 x 15 cm) of 
liquid crystal (Taliq corporation model number 951755) 
that was encased between two glass and wood frames 
(25 × 35 cm), and powered from a variable 110 volt AC 
power source. This window could then be switched from 
TABLE 2. The ages of the monocularly enucleated patients, shown 
with their age of enucleation due to retinoblastoma, and the acuity of 
the remaining eye 
Age Age of enucleation Acuity of 
Observer (years) (months) eye 
1 34.4 3 20/25 
2 9.3 2 20/100 
3 9.2 3 20/80 
4 21.1 41 20/20 
5 38.0 20 20/60 
6 8.6 84 20/20 
7 4.4 30 20/40 
8 17.3 5 20/30 
9 14.7 1 20/20 
10 33.2 48 20/30 
11 6.2 24 20/25 
12 5.7 15 20/20 
13 6.4 45 20/20 
14 10.4 24 20/30 
transparent toopaque. On top of the wooden frame was a 
centimeter (cm) scale, so that we could later measure 
where on the face the observers placed the tube, in cm off 
the midline toward one eye. (Each observer was 
positioned so that the midpoint of the bridge of the nose 
aligned with the midpoint of the cm scale.) The frame 
attached to the front of the chin rest, and thus, the face of 
the observer was securely positioned behind the window. 
They were, however, able to easily place the arms and 
hands on the table in front of the window. Next, they were 
given a clear plastic tube (12 cm long x 1 cm diameter) to 
hold with both hands, and were shown that if the tube 
were raised to the window they could see through the 
tube. They were, however, not made aware that this was a 
monocular task because the tube was moved back and 
forth across the visual field from the right eye through the 
midline to the left eye. [Test trials, and data from a 
previous study (Dengis et al., 1996) indicated that the 
type of tube did not alter the responses of the observers.] 
Another experimenter videotaped the proceedings using a 
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Sony Video8 camera recorder #LCH-V50, positioned 
149 cm from the frames. Attached to the top of the 
camera was a large (4 x 8 cm) target: a picture of a cat on 
a white background pasted within a thick black frame. 
The observers were told that they would be looking 
through the tube at the cat's head. For those few 
observers with degraded vision in one eye (e.g., one 
enucleate), the target was the black square frame around 
the cat. Finally, the observers were shown that once they 
began raising the tube to the face, the liquid crystal would 
be made opaque. Hence, they would lose sight of the 
target, the hands, and the tube, but they were instructed to 
continue fixating the "imaginary" target and to raise the 
tube until it touched the glass in front of the face, as 
though looking through the tube at the cat. (We put the 
observers behind glass so that they would not receive 
tactile feedback as to where on the face they positioned 
the tube.) Before making the window transparent again, 
we had them lower the tube back to the table. Each 
subject performed four trials. Afterwards, they were 
given a card with a hole in it and asked to look through 
the hole at one experimenter. This was done to determine 
the preferred eye. 
The videotapes were later reviewed independently by 
two raters. We estimated where on the face (i.e., on the 
glass) the tube was placed, in cm from the midline of the 
head, and if the tube were off the midline we also 
recorded toward which eye. Finally, the measurements of 
the four trials were averaged. 
RESULTS 
There was high inter-rater reliability for the indepen- 
dent raters who reviewed the videotapes and scored the 
data, such that there was 98% agreement in measuring 
where on the face the observers placed the tube. The 
binocular observers placed the tube very slightly off the 
midline toward the preferred or non-deviating eye, while 
the enucleated observers placed the tube 75% of the way 
toward the remaining eye on every trial. Four of our 
youngest observers, however, placed the tube toward one 
eye on three trials and toward the other eye on the fourth 
trial. Instead of averaging their four responses, we 
discarded the fourth trial and averaged only the three 
responses that were toward one eye. We did this because 
if the four responses were averaged, with direction taken 
into consideration, the result would equal zero (i.e., 
falsely presenting the observer' s placement of the tube at 
the midline when, in fact, the tube was positioned off the 
midline). Furthermore, two enucleated observers (one 
adult and one child) placed the tube squarely at the 
midline of the head, in contrast to the other 12 enucleated 
observers who placed the tube toward or over the 
remaining eye. The mean number of cm off the midline 
toward one eye were calculated for each group, with 
direction taken into consideration. 
We found that the results of the binocular observers 
differed significantly from those of the monocularly 
enucleated observers. When visual feedback (about arget 
location, hand position, and the tube) was removed, 
observers with normal binocular vision or comitant 
strabismus placed the tube approximately atthe midline 
of the head, not over one eye. The enucleated children 
and adults, however, placed the tube significantly more 
toward one eye (see Fig. 1). There was a significant 
difference found between the results of the four groups, 
ANOVA: F(3,68)= 36.72, P= 0.0001. Furthermore, a
Scheff6 post F-test comparison showed that only the 
results of the enucleated observers differed significantly 
from the other three groups, P = 0.001. 
We found a number of other results. First, in observers 
with normal binocular vision, comitant strabismus, or 
monocular enucleation (4.5-52.0 years), age did not 
prove to be a significant factor in showing the Cyclops 
effect, ANCOVA: F(1,67) = 0.35, P = 0.55. Second, only 
one observer (a young child with strabismus) shut one 
eye behind the opaque window when raising the tube. 
The rest of the binocular observers kept both eyes open. 
Third, the people with normal binocular vision or 
comitant strabismus expressed surprise when they were 
told they had placed the tube at the midline of the head. 
This is in contrast o Barbeito's (Barbeito, 1981) study, 
where observers expressed confusion about he task. This 
may also be the reason why the variability in our study 
was 1/3 that of the variability found by Barbeito. Fourth, 
the type and amount of strabismus, the number of 
previous surgeries, and the degree of stereopsis did not 
contribute to the results. 
DISCUSSION 
As we predicted, people align objects with the 
egocenter when asked to perform a monocular task 
without visual feedback. Thus, older children and adults 
with normal binocular vision or comitant strabismus 
place a tube approximately atthe bridge of the nose and 
keep both eyes open: the Cyclops effect. Furthermore, we 
found that the Cyclops effect is independent of the age of 
the observers. It is related, instead, to the location of the 
egocenter. Thus, older children and adults who have one 
eye enucleated place the tube 75% of the way toward the 
remaining eye--approximately at the measured location 
of their egocenter (Moidell, Steinbach, & Ono, 1987). 
Moreover, the fact that younger children with one eye 
enucleated show the Cyclops effect in contrast o the 
older observers, suggests that the shift in their egocenter 
location occurs after the age of 3.5 years (Dengis et al., 
1993a). Hence, we find that people do not 'outgrow' the 
Cyclops effect. 
In Barbeito's (Barbeito, 1981) study, binocular adults 
were asked to look "through" a covered hole in a card. 
Many of his observers placed the covered hole toward 
one eye, and presumably, they 'completed' this card test 
using visual feedback. Although the target was occluded 
by the covered hole, there were a number of other visual 
cues available (e.g., the covered hole, the top edge of the 
card, and the position of the hands). Some of his 
observers likely used these cues in order to try and align 
with one eye, while others did not. Consequently, the 
results with his method are highly variable compared 
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FIGURE 1. Results of attempting to look through atube when visual and tactile feedback are prevented, showing the average 
number of cm off the midline of the head that he tube is located toward the preferred, non-deviating, or remaining eye for the 
four groups of observers: children with normal vision, adults with normal vision, children with strabismus, and children and 
adults with one eye enucleated. Error bars are +1 SD. 
with those of our method. With our method, most 
binocular observers naturally aligned with the median 
plane egocenter because there were no cues available to 
indicate this was a monocular task. 
That children learn to use just one eye for certain tasks 
is not to say they locate objects with respect to a 
'dominant eye', or that they have a sense of 'utrocular 
identification'. Rather, evidence (e.g., Ono & Barbeito, 
1982) has been accumulating that disproves the theory 
(e.g., Porac & Coren, 1976; Walls, 1951) that the 
egocenter is located in one eye; and evidence (e.g., Ono 
& Barbeito, 1985) has also been accumulating that 
disproves the theory (e.g., Porac & Coren, 1984; Smith, 
1945) that people have conscious eye-of-origin informa- 
tion. Our findings add to this evidence. We find that 
binocular observers do not locate objects with respect o 
one eye, contrary to the interpretation of ocular 
dominance tests. Inherent in these dominance tests is 
the flaw of inferring a location of the center of visual 
direction; observers are forced to sight with one eye, and 
this response is misinterpreted as indicating that the 
center of visual direction is located in the sighting eye. 
Consistent with this view, binocular observers align with 
a median plane egocenter and monocular observers align 
with an egocenter located near the remaining eye. Thus, 
the egocenter is the center of visual direction. Further- 
more, this is in accordance with the evidence that 
utrocular identification is not available in observers with 
normal binocular vision (e.g., Ono & Barbeito, 1985; 
Steinbach, Howard, & Ono, 1985), or even in those 
observers with strabismus (Barbeito, Levi, Klein, Loshin, 
& Ono, 1985). 
In sum, people of all ages automatically align with the 
egocenter when asked to perform a monocular task 
without visual feedback. Those with normal binocular 
vision or comitant strabismus align approximately with 
the midline of the head, while monoculady enucleated 
people align with a center located approximately 75% of 
the way toward the remaining eye. This is consistent with 
the measured egocenter location for the three groups. 
Moreover, these results indicate that the visual system 
uses the egocenter as the center of visual direction. 
Finally, the fact that binocular observers of all ages so 
readily show the Cyclops effect, and thus relinquish the 
skills they used for monocular tasks, indicates that they 
really do view the world as though from a single eye 
located approximately at the bridge of the nose. 
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